Acute kidney injury is a serious complication after cardiac surgery. This study was conducted to determine the frequency of acute kidney injury and the associated risk factors following cardiac surgery at Dhahran health centre in eastern Saudi Arabia. All patients who underwent cardiac surgery between June 2005 and December 2008 were included. Of 293 patients who fulfilled the criteria and were included in the final analysis, 85 (29.0%) developed acute kidney injury. Using multivariate analysis, the factors significantly associated with acute kidney injury were age, diabetes, preoperative chronic kidney disease and emergent surgery. Mortality associated with acute kidney injury was 10.5% overall and 42.9% when dialysis was required. Acute kidney injury following cardiac surgery is a serious problem among patients in eastern Saudi Arabia. Measures to prevent this complication are essential.
Introduction
Acute kidney injury (AKI) is a serious complication following cardiac surgery affecting up to 30% of patients [1] [2] [3] . It is associated with a high morbidity and mortality, especially when renal replacement therapy is required [4] [5] [6] . Some studies have documented that even a small decline in glomerular filtration rate may have a detrimental impact on patients' outcome [7] .
The prevalence and risk factors of AKI among the Saudi population are not known. Most of the earlier studies from developed countries that addressed AKI after cardiac surgery used a rather gross definition of AKI, such as an increase of serum creatinine level ≥ 50% above baseline or the need for renal replacement therapy. In this study in a major hospital in eastern Saudi Arabia we looked at the incidence of AKI following cardiac surgery using the stricter definition of the Acute Kidney Injury Network (AKIN) [8, 9] and evaluated some of the risk factors associated with the development of AKI. Risk stratification prior to cardiac surgery should predict the development of AKI with the hope of preventing the condition and/or modifying its course.
Methods

Study design
A case-control study was carried out on 325 patients who underwent openheart surgery at Dhahran health centre in eastern Saudi Arabia between June 2005 and December 2008. The data were collected using the anaesthesia services division's database and the computerized patient database at Dhahran health centre. The database was created to record information about all patients who underwent open-heart surgery, including: type of surgery, number of grafts used, cardiopulmonary bypass time and aortic crossclamp time. The great majority of patients studied were Saudi citizens drawn from different tribes in Saudi Arabia. Exclusion criteria were: death within 24 hours postoperatively, incomplete patient data, preexisting renal failure requiring dialysis, a baseline serum creatinine ≥ 4 mg/dL or reoperation: 32 patients did not meet the criteria and were excluded from the analysis, leaving 293 patients who were included in the final analysis.
Definitions
The primary outcome was the development of AKI during the first postoperative week. All patients had their serum creatinine level measured preoperatively. Acute kidney injury was defined as an increase in serum creatinine of ≥ 0.3 mg/dL above baseline that persisted for more than 48 hours. Serum creatinine was checked on admission to the surgical intensive care unit and repeated at least every 24 hours. Serum creatinine was measured by enzymatic assay (Viros 5.1/FS, Ortho-Clinical Diagnostics). Chronic kidney disease was defined as a chronic elevation of serum creatinine ≥ 1.5 mg/dL preoperatively. Left ventricular dysfunction (LVD) was defined as an ejection fraction of ≤ 40%, assessed preoperatively by echocardiography, radiocontrast ventriculography or radio nucleotide ventriculography. Chronic obstructive pulmonary disease (COPD) was defined as functional disability and/or hospitalization, chronic bronchodilator therapy or nicotine smoking of ≥ 20 packs-years. Patients were considered to have diabetes mellitus if they were using insulin and/or oral hypoglycaemic agents at the time of surgery. Operative mortality was defined as death during the index hospitalization.
The following variables were studied: age, sex, presence of diabetes mellitus, presence of chronic kidney disease, presence of underlying LVD, presence of COPD, type of cardiac surgery [coronary artery bypass graft (CABG), valve surgery, combined CABG and valve procedures and other procedures such as ventricular aneurysm repair, pericardiectomy, etc.] and whether the surgery was performed electively or as an emergent procedure. Surgery was performed either off-pump or on cardiopulmonary bypass according to our institutional standards.
Statistical analysis
The association between baseline and intraoperative variables, and the development of AKI were assessed by logistic regression. Variables that were significantly associated with the development of AKI were also included in a multivariate logistic model. Means were expressed as ± 1 standard deviation (SD). Odds ratios (OR) were expressed together with 95% confidence interval (CI) and associated P-values. A P-value of < 0.05 was considered significant. The statistical software SPSS, version 15.0, was used for the statistical analyses.
Results
Background characteristics of the cohort
The great majority of the 293 patients were Saudi citizens (269, 91.8%) with a mean age of 59 (SD 15) years, range 14-80 years. There were 224 (76.5%) male patients [mean age 58.4 (SD 12.0) years, range 14-80 years] and 69 females (23.5%) [mean age 63.0 (SD 9.8) years, range 43-81 years] ( Table  1 ). The clinical characteristics of the patients showed that 192 (65.5%) had diabetes mellitus and 43 (14.7%) had LVD. A total of 18 patients (6.1%) had underlying chronic kidney disease and 83 (28.3%) had underlying COPD.
The operative characteristics of the sample showed that the great majority (272, 92.8%) were elective cases for heart surgery; only 21 (7.2%) were emergent cases (Table 1) . Most (266, 90.8%) had coronary artery bypass grafting and 27 (9.2%) had other surgeries. There were 282 patients (96.2%) who had surgery performed on pump, while 11 (3.8%) had the surgery done off-pump. The mean cardiopulmonary bypass time was 109 (SD 152) min and the mean aortic crossclamp time was 66 (SD 46) min.
Variables associated with acute kidney injury
AKI was diagnosed in 85 patients (29.0%) out of the entire cohort. Among the different variables age, presence of diabetes mellitus, LVD and chronic kidney disease were found to be associated with a high risk of developing AKI (Table 1 ). In addition, AKI was more common among patients who underwent emergent surgery and or had a prolonged bypass time. The mean age of patients who developed AKI was 63 years compared with 58 years in the rest of the group.
Using multivariate analysis, age (OR = 1.68, 95% CI: 1.30-2.20), presence of diabetes mellitus (OR = 0.47, 95% CI: 0.24-0.91), chronic kidney disease (OR = 0.15, 95% CI: 0.05-0.50) and emergent surgery (OR = 0.21, 95% CI: 0.07-0.61) were independently associated with the development of AKI (Table 2) . There was a linear association between age and risk of developing AKI (Figure 1 ). Seven patients (2.4%) required renal replacement therapy, either as haemodialysis or continuous renal replacement therapy.
A total of 9 patients died, corresponding to an overall mortality rate of 3.1%. Among patients who developed AKI, mortality was 9/85 (10.5%). Mortality among patients who had renal replacement therapy was even higher at 3/7 (42.9%).
Discussion
Dhahran health centre is one of the main hospitals in Saudi Arabia's Eastern province, providing primary and/or tertiary care to around 400 000 individuals. The cardiac surgery programme, established in 2005, is a new addition to the services of the health centre. This study was performed to evaluate the development of AKI after cardiac surgery, to identify the risk factors that lead to AKI among our patient population and to compare this with international standards. Although the best measure of renal function is glomerular filtration rate, this is not practical to perform in the context of AKI. There are currently no sensitive and specific markers to detect renal injury in clinical practice, and serum creatinine remains the most used indicator of renal injury. The reported incidence of AKI after cardiac surgery varies in the literature, with a range of 1%-30%, depending on the definition of AKI. Chertow et al. analysed data from 42 773 patients who underwent cardiac surgery and found an overall incidence of AKI requiring dialysis of 1.1%. The incidence of AKI requiring dialysis in patients who had valvular and combined CABG/valvular surgery was higher at 1.7% and 3.3% respectively [6] . Most of the earlier studies that addressed AKI used a loose definition, such as a rise in serum creatinine of 1.0 mg/dL or greater above baseline, a 50% increase in serum creatinine or the need for renal replacement therapy [1] [2] [3] 5, 6, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Unlike our study, these studies most likely excluded patients who had a lesser degree of renal dysfunction. There is emerging evidence that a minor increase in serum creatinine is associated with adverse outcomes [12, [23] [24] [25] . In our study we chose a rather strict criterion for AKI with a cutoff increase in serum creatinine of ≥ 0.3 mg/dL above baseline, in accordance with the recommendations of the AKIN [8, 9] . This explains the relatively high incidence of AKI in our population (29.0%) compared with other studies [1] [2] [3] 5, 6, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . There is, however, a genetic variation in the susceptibility of individuals to renal injury [26, 27] . Some investigators have found that in patients undergoing cardiac surgery, carriers of the APOE e4 allele had a decreased risk of AKI compared with non-carriers [28, 29] . Until now, our knowledge of the genetic polymorphism of AKI is still limited. In the future, a better characterization of genetic predisposition to AKI may enhance risk prediction. Is the Saudi population at increased risk for developing AKI compared with other nations? This is not clear since we do not have data about the genetic makeup of our population, and this is an important area to explore in future studies.
The pathogenesis of renal injury following cardiac surgery is not well understood. It has been divided into preoperative events, intraoperative events and postoperative events; all are related either to impaired renal perfusion or decreased renal reserve [19] . Both haemodynamic and inflammatory factors interact at a cellular level that ultimately lead to the development of acute tubular necrosis, which is manifested as a rise in serum creatinine and decreased urine output. Several risk factors have been identified as being associated with the development of AKI after cardiac surgery, such as dilution [19,30-32] . In our study, several but not all of these factors were found to be associated with the development of AKI. Both population size and patient characteristics may have contributed to the difference between our findings and those reported in earlier studies. There is a high morbidity and mortality associated with AKI after cardiac surgery. Depending on the definition of AKI and the postoperative period studied (whether time to hospital discharge or 30 days mortality), the mortality rate has been shown to range from 15%-30% [19] . Among our patients who developed AKI, the mortality rate was 10.5%, considerably less than what has been reported in other studies [19] .
In addition to the high morbidity and mortality associated with AKI, the cost of treatment of this complication, especially when renal replacement therapy is required, is very high.
Despite all the research in the field, there is currently no effective treatment for AKI, with the exception of supportive measures that include identification of high-risk patients, optimization of renal perfusion and avoidance of nephrotoxins [19] . Pharmacological treatment with atrial natriuretic peptide, fenoldopam, N-acetylcysteine, statins and clonidine have only shown modest results in small trials [19, 33] . Therefore it is important to identify and recognize the risk factors that predispose individuals to AKI in order to take the necessary measures to prevent it or modify its course. Several groups have developed clinical scoring systems to help predict the risk for AKI after cardiac surgery [31, 32, 34] . In our study we identified certain factors that led to the development of AKI: age, diabetes mellitus, chronic kidney disease and emergent surgery. Other factors previously reported to be associated with a higher incidence of AKI, e.g. peripheral vascular disease and COPD, were not found to be significant in our population, possibly due to the small number of patients included in this study.
This study has several limitations, including the single-centre data, the relatively small number of patients and the retrospective observational design. However, the study sheds light on some of the risk factors that lead to AKI among the Saudi population, with the hope that timely recognition of these conditions will lead to better surveillance and monitoring, which may impact positively on the overall outcome of patients undergoing open-heart surgery.
